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METHODS TO RESOLVE TSF TIMER AMBIGUITY 
OF IEEE 802. 1 le SCHEDULE ELEMENT 

The present invention relates to IEEE 802.1 le and the identification of the 
beginning of a service period. More particularly, the present invention relates to the use of 
a portion of the timing synchronization function to encode the reference time instant of a 
service period. 

A method for wireless communication has been proposed for 802.1 le. An 
infrastructure Basic Service Set (BSS) of IEEE 802.11 WLAN is composed of an Access 
Point (AP) and a number of stations associated with the AP. The AP connects the stations 
to the infrastructure. 

In the latest draft of 802,1 le TGe D4.0, a Schedule Element is included; this 
element identifies the service period from the start of the first successful CF-poll 
(contention-free poll) or downlink data transfer. However, due to the nature of wireless 
medium, there is an inherent ambiguity with respect to when the Schedule element started 
because the Quality of Service Station (QSTA) and the Quality of Service Access Point 
(QAP) may not view the instant that the Schedule Element started at the same point in 
time. This ambiguity can happen, for example, if a downlink frame was transmitted 
successfully and its Acknowledgement frame (ACK) were not received at the (QAP), the 
QSTA would mark the exchange as successful while the QAP would not. 

There has been an attempt to overcome this problem by the use of the 64-bit 
Timing Synchronization Function (TSF), as evidenced by an IEEE document 1 l-03-107rl, 
Proposed Normative Text for Simplified APSD, by Mathilde Benveniste et al., January 14, 
2003. The 64-bit TSF timer value is available in IEEE 802.11 medium access control 
(MAC). 

According to the IEEE document above, the scheduled start time indicates the time, 

expressed as units representing 32 TSF clock ticks, when a non- Access Point (AP) QSTA 

(Qos station) in Automatic Power-Save Delivery Mode (ASPD) shall first wake up to 

receive downlink frames buffered at the AP. The wakeup time period is considered the 

time interval, expressed as a TSF timer value, during which the non-AP QSTA requests the 

QAP to buffer the MAC Service Data Unit (MSDU) and the management frames before 

releasing the frames for delivery using a prioritized, or parameterized delivery mechanism. 
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The station wakes up at a subsequent time when TSF-Start Time mod WakeupTime Period 
= 0. 

There are some problems when using the 64-bit TSF timer, for example, it is 
cumbersome to do the arithmetic and it requires more hardware complexity when this 
solution is implemented in hardware. Therefore, in order to reduce the complexity of the 
mechanism, it is proposed to use only the 32 low order bits of the TSF timer. However, 
another issue appears, that is, the fact that the low order 32 bits of the TSF timer repeat 
themselves, thus introducing an ambiguity as to whether or not a particular received 
reference time value refers to future time or the past time. 

The present invention provides a plurality of methods that use a 32 bit field of the 
802.1 1 TSF timer, rather than the entire 64 bits of the 802.1 1 TSF timer, so as to encode 
the reference time instant without the ambiguity as to whether there the reference time is 
referring to a future time or a past time. The present invention also includes a computer 
program that performs the functions described herein below if the invention is 
implemented in 802.11 software changes and basic hard modules if the invention is 
implemented in 802.1 1 hardware changes. 

According to the present invention, the fact that the low order 32 bits of the TSF 
timer wraps over in about 71 minutes is exploited to remove any ambiguity. 

According to a first aspect of the present invention, an algorithm utilizes the 
difference between a desired schedule start time X and the actual start time O, along with 
the time period T to determine whether or not the timer has wrapped. 

According to a second aspect of the present invention, a delay interval or timeout is 
used to determine whether the desired start time X falls onto an interval smaller than the 
timeout from O. 

According to a third aspect of the present invention, the magnitude of the difference 
between X and O is utilized to determine whether or not the timer has wrapped and to 
deduce whether there is a forward or back reference, meaning whether the reference time 
value refers to future time or past time. 

Fig. 1 is a diagram showing the TSF timer value M versus the time T for four 
possible cases according to a first aspect the present invention. 

Fig. 2 is a flowchart of an algorithm that can be used to implement the first aspect 
of the presently claimed invention. 
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Fig. 3 is a block diagram identifying some of the hardware modules that can be 
used to implement the present invention. 

Fig. 4 illustrates a second aspect of the claimed invention that resolves timer 
ambiguity showing a listing of four cases, two of which X is a backward reference and two 
of which X is a forward reference. 

Fig. 5 is a flowchart showing a third aspect of the invention wherein the ambiguity 
is removed by a different algorithm than that shown in Fig. 2. 

Fig. 6 is a table a listing four cases according to the third aspect of the invention, 
indicating whether the timer has wrapped and status of start time versus received time, with 
a magnitude of difference of M/2. 

It is to be understood by persons of ordinary skill in the art that the following 
descriptions are provided for purposes of illustration and not for limitation. An artisan 
understands that there are many variations that lie within the spirit of the invention and the 
scope of the appended claims. Unnecessary detail of known functions and operations may 
be omitted from the description so as not to obscure the present invention. 

Figure 1 illustrated a timing diagram according to the present invention. The Y- 
axis represents timer values m with a maximum of M of the 802.1 1 TSF timer and the X- 
axis represents time t with a cycle period of T. The period T is about 71 minutes, which 
correlates to about the time in which the low 32 bits of the 802.1 1 TSF timer wraps over. 
It should be noted that rather than split Fig. 1 into four separate drawings, four possibilities 
are shown on the same drawing. Although the "T" is referred to as the first T, and 
subsequent periods identified by the saw tooth are referred to Time periods 2, 3 and 4, it 
should understood that the possibilities are depicted randomly, and there is no timing 
relationship between the different possibilities shown and described. 

Reference numbers 1 10, 120, 130 and 140 refer to case 1, case 2, case 3 and case 4, 
respectively. Each case is a possibility of how the Scheduled Start Time and the Actual 
Receive Time of the Scheduled Element may occur. According to the legend, for each 
case "X" represents the desired Schedule Start Time, whereas "O" represents the actual 
receive time of the Schedule Element. 

Thus, according to Figure 1, case 1 (element 110) the actual receive time of the 
Schedule Element occurred before the desired Schedule Start Time. Also, it should be 
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noted that both "O" and "X" occur within the same period "T" for both case 1 and case 2 
(element 120). 

With regard to case 2 (120), it is noted that this case is the opposite of case 1 in that 
the actual receive time of the Schedule Element is received after the desired Schedule Start 
time. However, similar to case 1, both the "O" and the "X" occur within the same time 
period. 

With regard to case 3 (130), it is noted that this case is yet another variation of 
occurrences as the scheduled start time "X" occurs before the actual receive time of the 
Schedule Element. However, unlike the previous cases, the "X" occurs during the second 
"T" interval, but the "O" occurs during the third "T" interval. 

With regard to case 4 (130), it is noted that this case is the opposite situation from 
case 3 in that the actual receive time of the Schedule Element is received before the desired 
Schedule Start Time. Similar to case 3, the "X" and "O" occur in different time intervals, 
in this case with the actual receive time "O" of the Schedule Element occurring in a third 
time period T, but the desired Schedule Start time "X" occurring in a fourth time period T. 

From a visual inspection of Fig. 1, it can be seen that in cases 1 and 2(110 and 120) 
the timer is not wrapped but in cases 3 and 4 it is. An algorithm can mathematically verify 
the cases shown above, and such an algorithm can be used in a first aspect of the present 
invention. 

Based on the above description of Fig. 1 , one aspect of the present invention is to 
perform an algorithm based on the possibilities shown in the Figure. The steps are as 
follows: 

(1) The "X" value can be from the same interval (Time period "T") or from a 
different interval. 

(2) Use the "X n value that is closest to the "O" value. 

(3) Perform step (2) by two subtractions of the "X" value and the "O" value and 
choose the one having the smallest result. 

(4) Estimate if the X value is in the same cycle (Time period) or in a different cycle 
(Time period) of the "O" value. 

Fig. 2 is a flowchart of an algorithm showing how the above steps would be 
performed. Using case 1 (110) and following the flowchart shown in Fig. 2, it will be 
presumed that O is equal to 10, X is equal to 15 and T is equal to 71, to illustrate the 
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computational steps only. A person of ordinary skill understands that other values for O, X 
and T can be used, and these figures are for purposes of illustration and not limitation. 

At step 210, it is determined whether X <0; as 15 is clearly not less than 10, the 
answer is no, we advance to step 211, where it is determined whether 0-X+T<X-0. Thus 
is 10-15 +71< 15-10? As 66 is not less than 5, so the answer to step 21 1 is no. Following 
the NO leg, we come to step 214 where it has been determined that the timer is not 
wrapped. 

Using case 2 (120) and following the flowchart in Fig. 2, it will be presumed that O 
is equal to 55 and X is equal to 45, while T remains at 71, again for purposes of illustrating 
illustrate the computational steps and in no way limits the claimed scope of the invention. 

At step 210, it is determined whether X <0; as X is 45 and O is 55, the answer is 
yes, and we proceed to step 212. Step 212 determined whether X - O + T < O - X, so we 
insert the values and check whether 45-55 + 71 < 55 -45, or is 61 < 10? The answer is no, 
so we proceed on the no leg of step 212 to step 214, where it has been determined that the 
timer is not wrapped. 

Using case 3 (130) and following the flowchart in Fig. 2, it will be presumed that X 
is 65 and O is 5, while T remains at 71 . 

At step 210, it is determined whether X < O. As 65 is not less than 5, we proceed 
on the no leg of Step 210 to step 211. Here it is determined whether OX+T<X-0. Thus it 
is determined whether 5-65 + 71< 65-5, which doing the math is asking is 1 1 < 60? As 1 1 
is less than 60, we follow the no leg of step 21 1 to step 216 and determine that the timer 
has been wrapped. 

Using case 4 (140) and following the flowchart in Fig. 2, it will be presumed that O 
is 67 and X is 3, while T remains at 71. 

At step 210, it is determined whether X < O. As 3 is less than 67, we follow the 
yes leg to step 212, where it is determined whether X - O + T < O - X, so we insert the 
values and check whether 3 - 67 + 71 < 67- 3, or whether 7 < 64. As we know that 7 is less 
than 64, we follow the yes leg from step 212 to step 216 and determined that the timer has 
been wrapped. 

It should be understood by persons of ordinary skill in the art that the above method 
may also be expressed as a computer program that executes the algorithm. 
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As shown in Fig. 3, the present invention may also comprise hardware. One aspect 
would be to have certain hardware modules performing the different functions, or multiple 
functions of the method steps. The TSF timer 310 is shown as a function module 
performed in both the QAP 330 and QSTA 340. The QAP has a storage area 320 
containing scheduled start times. These start times could be contained within a storage 
portion of the TSF timer itself, or some other hardware module. The QSTA 340 receives 
the schedule element time from the QAP 330. A CPU 350 arranged in the QSTA 340 
performs the algorithm or a variation thereof previously discussed above, and this element 
can be referred to as a means for performing the algorithm. 

The CPU 350 will perform the algorithm and determine from data received from 
the QAP whether the timer has wrapped. This information will be used by the QSTA to 
resolve any possible ambiguity caused by 32 bit wrapped to indicate the time period is past 
or future time when determining received times versus scheduled times. This determination 
is made by QSTA internally. That is, it knows when it received the frame containing the 
Schedule Element at O, and it parses the reference time X from the Schedule Element and 
the CPU then runs the algorithm to resolve the ambiguity. 

In addition, a table 360 may be created that stores the timer data, based on the X 
and O values so that for a given position of an X and O, the reference values can be 
retrieved from the table instead of being recalculated each time. 

Fig. 4 illustrates a second aspect of the present invention, wherein the method steps 
can be based on a delay interval or timeout. As in the first aspect of the invention, X refers 
to the desired scheduled start time and O refers to the actual receive time of the scheduled 
element. 

In this aspect of the invention, it is required to check if the desired time X falls onto 
an interval similar than the timeout from O. As shown in Fig. 4, an algorithm has two 
variables, T and timeout. It is assumed that: (1) T »> timeout; and (2) the station receives 
X at time O. Also, if (0 < (O - X) < timeout) the X is a backwards reference. On the other 
hand, if (O + T -X) < (timeout), X is still a backward reference. If none of the above is 
true, X is a forward reference. 

Fig. 4 shows that in the case of 1 (110) and 4 (140) (the four cases being shown in 
the graph of Fig. 1), X is a forward reference, meaning that the desired scheduled start time 
was later in time than the actual received time O of the schedule element. 
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With regard to case 2 (120 in Fig. 1), wherein the actual received time of the 
scheduled element O occurred after the desired Schedule Start time X, then the X reference 
is deemed to be a backward reference as (0 < (O-X) < Timeout). 

With regard to case 3 (130 in Fig. 1) wherein the actual received time of the 
scheduled element O occurred after the desired Schedule Start time X, the X reference is 
deemed to be a backward reference. In fact, in this case the element O occurred in a 
different time period than element X. 

Thus, the ambiguity is resolved in the second aspect of the invention, utilizing a 
time delay interval and/or timeout value. 

Figs. 5 and 6 illustrate a third aspect of the present invention, which is a special 
case in which the timeout value, instead of the exemplary 5 minutes above, is equal to M/2, 
with M being the timer value. It is to be understood that the values of M that might be 
selected are not to scale with the positions of the "X" and "O's" shown in Fig. 1, although 
the graph's relative distance being greater than or less than is accurate. 

According to this aspect of the present invention and as shown in Fig. 6, the 
magnitude of difference M follows the formula |X-0| > M/2. If the absolute value is 
greater than the value of M/2, it is to be assumed that the TSF time has wrapped. 

Referring back to Fig. 5, a flowchart of an algorithm according to this third aspect 
of the present invention is shown. At step 515 it is determined whether |X-0| < M/2. If it is 
then, we proceed to step 517, where it is determined that the timer is not wrapped. Next at 
step 519 it is determined whether X-0 > Zero. If the answer to step 19 is yes, the method 
proceeds to step 521 where forward reference in cases 1 and 4 is deduced. However, if the 
answer at step 519 is no, the method proceeds to step 522, where a backward reference is 
deduced, as in case 2 and 3. 

Reverting back to step 515, in the case where it is determined that |X-0| < M/2 is 
not true, the method alternately proceeds to step 5 1 6 where it is indicated that the timer has 
wrapped. At step 518, it is determined whether X-O > Zero. If the answer is yes at step 
518, the method continues to step 522 where a backward reference is deduced as in cases 2 
and 3. However, if the answer at step 518 is no, the method proceeds to step 521, where a 
forward reference is deduced as in cases 1 and 4, and then the method ends. Thus there 
will be no ambiguity in the reference time selected and recorded. It should be noted that 
when performing the algorithm according to the second aspect of the instant invention, in 

-7- 



PHUS030344WO 



the case where timeout is M/2, the third aspect can be considered a subset of the second 
aspect for such a condition. 

Fig. 6 shows cases 1 through 4 in table form, wherein it is asked whether the timer 
wrapped, whether the start time is later than the received time, the arithmetic, the result 
sign, and the magnitude of the difference. In cases 1 and 2, wherein it is not assumed that 
the timer wrapped, case 1 shows the start time later than the received time, and a resulting 
plus sign. On the other hand, case 2 shows the received time was later than the schedule 
start time, and the resulting sign is minus. In the cases 3 and 4, where the absolute value of 
X-O is greater than or equal to M/2, it is assumed that the timer wrapped, and when the 
scheduled start time is not later than the received time, the result sign is a plus, whereas it 
is a minus in case 4, wherein the start time was later than the received time. Thus the 
assumption that the absolute value of X-O is greater than M/2 removes the ambiguity 
regarding the possibility of the timer wrap giving a n inaccurate result. 

The present invention can be expressed as a computer program on a computer 
readable medium, where for example, it can follow the flowchart shown in Fig, 5. One of 
the steps would be to report the finding as to whether to not the timer has been wrapped 
into the next time period when looking at the values of M to encode a reference time 
instant. 

It should be understood that various modifications may be made to the present 
invention that do not depart from the spirit of the invention or the scope of the appended 
claims. For example, the types of methods may be changed according to need. For 
example, the notation of X and Y is used for illustrative purposes only. Using somewhat 
different notation, for example, Y and Z assignments, is within the spirit of the invention 
and the scope of the present claims. While the time T of about 71 minutes is used to 
describe the typical length of a time period, these can be longer or shorter, and the amount 
of variance does not have to take 71 minutes into acct, for example there could be a T of 22 
minutes, or 10 minutes. Also, the four cases shown in Fig. 1 do not have to be in the order 
shown in Fig. 1, and/or in the tables as shown. The first case could be any of the four 
shown, and the same is true for cases two through four. Finally, while some of the 
appended claims refer to the use of the lower 32 bits, we note that it is within the spirit and 
scope of the invention that other sets of 32 bits could be used, such as the upper 32 bits, or 
the middle 32 bits (bits 16-48). 
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